Abstract: The aim of this study was to evaluate the preparation time and the amounts of apically extruded debris and irrigant using different nickeltitanium instrumentation systems. Forty-five extracted single-rooted mandibular premolar teeth were selected and divided into three groups. The root canals were instrumented according to the manufacturers' instructions, using a reciprocating single-file system, a single-file rotary system and a multiple-file rotary system. Bidistilled water was used as the irrigant solution. The apically extruded debris and irrigant were collected into preweighed Eppendorf tubes. The amounts of extruded debris and irrigant were assessed with a precision micro-balance. The Eppendorf tubes were incubated at 37°C for 15 days. After the incubation period, they were weighed again to assess the debris extrusion. The time required to prepare the canals was also recorded. The results were statistically analyzed using MANOVA and Bonferroni's adjustment. Considering the apically extruded debris and irrigant, there were no statistically significant differences among the groups (p > 0.05). The Reciproc group produced the highest debris (0.000632 ± 0.000162 gr) and irrigant (0.844587 ± 0.437814 ml) extrusion values. While the least extruded debris was observed with OneShape (0,000431 ± 0,000171 gr), the least extruded irrigant was observed with ProTaper system (0.564147 ± 0.370596 ml). Instrumentation was faster using the Reciproc than the other two instruments (70.27 ± 13.38 s) (p < 0.05). All of the instrumentation systems used in this study produced apical debris and irrigant extrusion. The reciprocating single-file system tended to produce more debris and irrigant extrusion, compared with the rotary systems. Considering the preparation time, the single-file systems appeared to be advantageous due to their working time.
Introduction
Root canal preparation is an important step in endodontic treatment, and it plays a key role in treatment success. During chemo-mechanical preparation of root canals, necrotic debris, pulp remnants, microorganisms, dentin chips and irrigants can be extruded into the apical region. 1, 2 These substances can lead to inflammation, flare-ups or healing delays. 3 Numerous studies have evaluated the extrusion of intracanal materials through the periapical region. A common finding has been that all instrumentation Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
techniques produce apical extrusion to a certain extent. 4, 5, 6, 7 However, the amount of apical extrusion can vary according to the technique used. 6, 7, 8, 9 It is generally accepted that instrumentation techniques that incorporate rotational action generate less debris than push-pull instrumentation, and the crown-down technique has been associated with the least amount of debris extrusion, compared with techniques involving a linear filing motion. Thus, engine-driven rotary systems have tended to extrude less debris than hand techniques. 5, 9, 10 Most nickel-titanium instruments using torque control devices work with different instrumentation techniques, such as rotational or reciprocal action. There are different designs available, with some having variations in flute depth, different tapers, or cross-sections and others having radial lands. 6, 11 Single-file nickel-titanium Reciproc systems and OneShape systems, which can prepare the entire root canal with only one instrument, were recently introduced. The Reciproc files are composed of M-Wire nickel-titanium, which offers increased flexibility. The reciprocating movement of the instrument reduces the risk of cyclic fatigue. 11, 12 In contrast, OneShape files employ traditional continuous rotation. They have a triangle-shaped cutting edge and two additional cutting edges, in the apical and coronal parts, as well as a crosssection that progressively changes from 3 to 2 cutting edges between the apical and coronal parts. This design offers optimal cutting action. 12 To the best of our knowledge, although there have been similar studies in the literature, no studies have compared the extrusion of both apical debris and irrigation solution by reciprocating and rotary single-file systems to the extrusion by other preparation systems. The aim of this study was to evaluate the preparation time and the amount of apically extruded debris and irrigant using two new single-file systems, OneShape and Reciproc, compared with the rotary full-sequence ProTaper (Dentsply Maillefer, Ballaigues, Switzerland) system.
Methodology
The present study was approved by the Research Ethics Committee of the Izmir Katip Celebi University, under report no. 2014/60. In this study, 45 freshly extracted human mandibular premolar teeth with mature apices and straight root canals (< 5º according to the Schneider method) were selected. 13 The teeth Besançon, France), size 25 at the tip and having a taper of 0.06, was used according to the manufacturer's instructions with rotational motion (n = 15).
To standardize the working length of the specimens, all of the teeth were shortened to 15 mm by a highspeed hand piece burr. The working length of each tooth was determined by inserting a size 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) into the canal until the tip of the file was minimally visible at the apical foramen. The working length was then set as 1 mm less than that of the canal length.
In this study, an experimental model was used, as described by Myers and Montgomery.
14 Before starting the experiment, the initial weights of empty Eppendorf tubes (the stoppers of the tubes were not separated) were measured with a 10 -6 g precision electronic balance (Sartorius Cubis, Gottingen, Germany). One hundred sequential weights were obtained for each tube, using the Sarto Connect Version computer program, version 3.5 (Sartorius Cubis, Gottingen, Germany), which was specially designed to record one measurement per second. The mean value was calculated for each tube and was recorded as the precise weight. A hole was created in the middle of the removable stoppers that were used to fix the teeth, and each tooth was then inserted into the hole. The teeth were fixed with self-curing acrylic resin to create a hermetic seal. A 25-G needle was placed alongside the stopper to balance the air pressure inside and outside the tubes. After polymerization of the acrylic resin, to avoid any leakage, a second sealing was applied. The Eppendorf tubes were fitted into the glass vials used to hold the tubes during the instrumentation, to ensure that there was no contact with the tubes.
To avoid variation and to eliminate biases, the cleaning, shaping, and irrigation of all of the samples were completed by the same trained operator. Bidistilled water was used as the irrigant solution.
In each sample, a total of 4 mL of bidistilled water was used as the irrigation solution between the files (Group 1) and between the pecking sequences (Groups 2 and 3). A 25-G irrigation needle was placed in the canal without resistance but not deeper than the predetermined working length minus 1 mm.
After the instrumentation was complete, the stopper, needle, and tooth were separated from the tubes. The debris adhering to the root surface were collected by washing the root with 1 mL of bidistilled water in the tube. Each Eppendorf tube was weighed to determine the amount of debris and irrigant extruded to the periapical area. The tubes were then stored in an incubator at 37ºC for 15 days to evaporate the moisture before weighing the dry debris. The weight was calculated by a second examiner, who was blinded to the group assignment. The Eppendorf tubes were weighed using the same analytical balance to obtain the final weight of the tubes, including the extruded debris. One hundred consecutive weights were obtained for each tube. The weight of the empty tube was subtracted from the weight of the tube containing debris, and the dry weight of the extruded debris was calculated for each tube.
The total preparation time, including total active instrumentation, instrument changes within the sequence, cleaning of the flutes of the instruments and irrigation, was recorded.
Statistical Analysis
Before beginning the study, a power analysis was performed with G*Power software, version 3.0.10 (Franz Faul-Christian Albrechts Universität, Kiel, Germany), to estimate the sample size. A power analysis was performed, based on the effects obtained from a prior pilot study with 5 specimens in each group. The analysis indicated that a total of 45 specimens could achieve 88.6% statistical power at an α = 0.05 significance level.
The amounts of extruded irrigant and debris and the preparation times were analyzed using the SPSS computer program, version 20.0 (IBM SPSS, Chicago, USA). The dependent variable across groups was examined in terms of assuming the existence of normality by performing the ShapiroWilk test and Levene's test for constant homogeneous variances. The test indicated that the variables across groups completely met the underlying assumption of parametric tests. Accordingly, the data were analyzed statistically using MANOVA and post-hoc Bonferroni adjustment at a significance level of p < 0.05.
Results
For apical extrusion of debris and irrigant, although no statistically significant differences were obtained between the groups (p > 0.05), Reciproc extruded more debris and irrigant compared with the other two instruments. While the least extruded debris was observed with OneShape, the east extruded irrigant was observed with ProTaper system. The mean values and standard deviations for all of the groups are presented in Table 1 .
Considering the preparation time, while there was no significant difference between the Reciproc and the OneShape groups (p > 0.05), there were statistically significant differences between the other groups (p < 0.05). The minimum preparation time was recorded with the Reciproc files. The mean values and standard deviations for all of the groups are presented in Table 2 .
Discussion
Over the years, apical extrusion of intracanal materials has been investigated in many studies because of its clinical relevance. 4, 5, 6, 7, 15, 16 Apical extrusion of intracanal materials can delay periapical healing and cause inflammation and postoperative pain. Therefore, the main objective of this study was to evaluate the apical extrusion of debris and irrigant as a result of root canal preparation by different instrumentation systems.
The present study revealed that all of the instrumentation systems caused apical extrusion of debris and irrigants. The results were consistent with previous studies, which demonstrated that no method could completely prevent debris extrusion. 14, 16, 17, 18 Also, the results of the present study showed no significant differences in the amounts of debris and irrigant extruded between the single-file systems and the full-sequence rotary system. However, the reciprocating single-file system extruded more debris than the rotary instrument. This observation was in agreement with previous findings that rotary systems were associated with less debris extrusion than reciprocating systems. 11, 18 The obtained differences between the instruments might have been caused by the preparation technique, the different tapers and the cross-sectional design of the instruments. While Reciproc has an S-shaped, cross-sectional design with sharp cutting edges, 11 OneShape is characterized by a changing triangular cross-section, 12 and ProTaper is characterized by a triangular or modified triangular cross-section. 16, 19 It can be speculated that the larger taper of Reciproc at the tip compared with the other instruments and the reciprocal working motion might explain the greater amount of debris extrusion caused by this system. However, based on the available literature, it was not possible to determine whether it was the reciprocal motion that was responsible for the increased risk of debris extrusion. Further studies using standardized apical tapers are required to answer this question.
While the ProTaper system requires four instruments to prepare the root canal to a size of 25, the Reciproc and OneShape systems can complete root preparation with only one instrument. Thus, the single-file systems were faster than the multiplefile system, and the difference was statistically significant. This finding was consistent with previous studies in which the use of single-file systems reduced the working time, compared to using a multi-file rotary system. 17, 20 In previous studies, different techniques were used to measure the apically extruded debris and irrigant. 14, 21, 22 In the current study, the generally accepted method of Myers and Montgomery, 14 which is more standardized and repeatable than other methods, 11, 12 was used to collect the intracanal materials.
Many factors can affect the amount of extruded intracanal material. These factors include the instrumentation method, the instrument type and size, the size and length of the canal, the preparation endpoint, the apical stop preparation used, and the type and the amount of irrigant used. 4, 6, 11, 23 In the present study, to minimize the effects of the aforementioned factors, standard conditions (other than the instrumentation system used) were created for all of the groups. The teeth were imaged using CBCT to ensure that they had single canals and orifices, and only single-rooted teeth with straight canals were used in this study to eliminate any possible variables. Before the instrumentation procedure, all of the teeth were decoronated to eliminate any possible The letters indicate significantly different groups (p < 0.05).
variables associated with the working length of each tooth that might manifest as differences in debris extrusion. The working length for all of the specimens was 1 mm shorter than the root length. Studies have shown that significantly more debris extrusion occurs when the instrumentation is performed at the canal length than when the instrumentation is performed at 1 mm short of the canal length. 14, 24 In the current study, the type and quantity of the irrigants used were the same. Bidistilled water was used as an irrigation solution to avoid any possible weight increase due to crystallization of sodium hypochlorite. 11, 25 The amount of irrigation solution was kept constant in all of the groups, to decrease variables during the irrigation process.
There have been a number of studies in the literature on the amount of apically extruded dry debris. 8, 9, 10, 11, 14, 15, 16, 17 During chemo-mechanical preparation of root canals, irrigation solutions, as well as intracanal debris, can be accidentally extruded into the periapical area. These two components were responsible for post-operative flare-ups. 26 Therefore, the present study focused on the extrusion of intracanal irrigants, in addition to solid debris.
It must be emphasized that the results of this study cannot be directly extrapolated to the clinical situation. Under clinical conditions, periapical tissues and bone serve as natural barriers against the apical extrusion of debris and irrigants. 27 The present study was a laboratory investigation, and different results might be achieved with in vivo studies or in a clinical situation.
Conclusion
All of the instrumentation systems used in the present study produced apical extrusion of intracanal debris and irrigation solution.
Considering the preparation time, the single-file systems used in the study appeared to be advantageous due to their working time.
Considering the amounts of apically extruded debris and irrigant, the single file rotary instrumentation system, with the relatively small amounts of apically extruded debris and irrigant and short preparation time, might be preferable and should be investigated in clinical use.
